Aims: We aimed to evaluate the potential relation between the incidence of (alcoholic and nonalcoholic) acute pancreatitis (AP) and alcohol consumption in the general population, and whether the occurrence of AP shows any seasonal variation, particularly in relation to periods with expected increased alcohol consumption. Methods: All patients with first-time AP between 2003 and 2012 in a well-defined area in Sweden were retrospectively identified. Data on AP aetiology (alcoholic and non-alcoholic) and severity were registered. Data on annual alcohol sales as well as on self-reported alcohol consumption were obtained. Results: In total, 1457 AP patients were included (83% non-alcoholic AP, 17% alcoholic AP). The overall AP incidence showed increasing time trends for women and men (P < 0.05), but there were no significant changes in the incidence of alcoholic AP, in either sex (P > 0.05). Alcohol sales during the study period decreased (P = 0.002), mainly due to decreased sales of spirits (P = 0.001) and beer (P = 0.002), while self-reported alcohol consumption remained stable for women (P > 0.05) and decreased for men (P = 0.022). Neither alcohol sales nor consumption was related to the time trends of AP (P > 0.05 for all). No significant differences were found in the occurrence of AP among different seasons of the year or between holidays associated with higher alcohol consumption compared to periods before and after these holidays (P > 0.05 for all). Conclusions: Changes in alcohol consumption in the general population do not appear to be related to changes in the incidence of AP and there are no significant seasonal differences in the occurrence of AP in Sweden. Short summary: The incidence of acute pancreatitis (AP) is increasing, and alcohol is still recognized as one of the most common causes. In this study, however, we could not ascertain any clear relations between the sales and consumption of alcohol in the general population and the incidence of alcoholic or non-alcoholic AP.
INTRODUCTION
The annual incidence of acute pancreatitis (AP) has shown an increasing trend over the past few decades (Lindkvist et al., 2004; Yadav and Lowenfels, 2006; Fagenholz et al., 2007; Bertilsson and Kalaitzakis, 2015a) . Along with gallstone disease, alcohol is one of the most common causes of AP, accounting for~20-40% of all cases (Gullo et al., 2002; Roberts et al., 2013; Bertilsson et al., 2015b) . However, there is considerable discrepancy among published reports on the time trends of the incidence of alcoholic AP with some studies showing increasing (O'Farrell et al., 2007; Sand et al., 2009; Sandzen et al., 2009) , decreasing (Lindkvist et al., 2004) or stable incidence (Lankisch et al., 2009b; Bertilsson and Kalaitzakis, 2015a) over the last years. In addition, the potential relation between the incidence of alcoholic or (presumed) non-alcoholic AP, and consumption of alcohol in the general population are scarce and somewhat contradictory (Lindkvist et al., 2004; Kristiansen et al., 2008; Sand et al., 2009; Roberts et al., 2013) . Also, patients with alcoholic AP frequently have more severe disease compared to those with non-alcoholic AP (Lankisch et al., 1999; Bertilsson et al., 2015b) , but it is unclear whether changes in alcohol consumption in the general population may be associated with changes in the incidence of severe (alcoholic or non-alcoholic) AP.
Hospitalizations for AP, in particular alcoholic AP, have been suggested to vary throughout the year (Raty et al., 2003; Gallerani et al., 2004; Roberts et al., 2013) . Some studies have suggested a relation with changes in alcohol consumption in different times of the year, with elevated rates of alcoholic AP during seasons or holidays with higher alcohol consumption in the general population (Raty et al., 2003; Roberts et al., 2013) . However, other reports have not identified any seasonal patterns in the frequency of AP admissions (Lankisch et al., 1998) .
The aim of this study was to evaluate the potential relation between the incidence of AP, of alcoholic and non-alcoholic aetiology, and alcohol consumption in a well-defined geographical area in Sweden. Furthermore, we aimed to study whether incidence of AP (alcoholic and non-alcoholic) shows any seasonal variation, particularly in relation to periods with expected increased alcohol consumption.
MATERIALS AND METHODS

Patients
All adult patients (≥18 years) admitted to our institution, due to first-time AP, between 2003 and 2012 were retrospectively identified in the computerized discharge diagnosis register (ICD-10) of the hospital. Acute hospital care in Sweden is provided only by public hospitals and thus all patients with first-time AP in the primary catchment area of our institution (population of 600,000) were identified. Patients with known, or evidence of, chronic pancreatitis according to the Lüneburg scoring system (Lankisch et al., 2009a) at the time of the first-time AP attack, as well as those residing outside the primary catchment area of the hospital were excluded. Patient inclusion and ascertainment of AP diagnosis has been described in detail in previous studies from our group in which the same patient cohort was used (Bertilsson and Kalaitzakis, 2015a; Bertilsson et al., 2015b) . These investigations focused on the potential effect of AP-associated drug use and the incidence of AP (Bertilsson and Kalaitzakis, 2015a ) and on factors having an impact on the natural history of AP (Bertilsson et al., 2015b) . The study protocol was approved by the local ethics committee (Protocol: H152012/653).
Data collection
In brief, the medical records of all patients with first-time AP were scrutinized. Relevant data regarding demographics, AP aetiology and severity (according to the revised Atlanta criteria (Banks et al., 2013) ) were extracted. Recurrent AP episodes during the study period were also registered, as previously described (Bertilsson and Kalaitzakis, 2015a; Bertilsson et al., 2015b) . The AP aetiology was classified as (a) alcoholic, when the patient or the patient's family reported a high regular alcohol intake, and/or an alcoholic bout before the onset of the attack and (b) non-alcoholic, when there were no reports on high alcohol intake or an alcoholic bout before (or after) onset of AP. Biliary AP was defined as detection of gallstones in the gallbladder or bile ducts by means of any imaging examination in a patient with AP (Bertilsson and Kalaitzakis, 2015a; Bertilsson et al., 2015b) .
Alcohol sales and consumption
Data on alcohol sales and consumption during the study period were retrieved from the Swedish Council for Information on Alcohol and Other Drugs (CAN, http://www.can.se).
Alcohol sales
In Sweden, all alcoholic beverage sales are controlled and organized by the Swedish Alcohol Retail Monopoly (Systembolaget). All alcohol in the country is sold only at its stores and restaurants/pubs. Registered alcohol sales data during the study period were retrieved from CAN, including alcoholic beverages sold at Systembolaget retail stores and in restaurants/pubs. Data on unregistered alcohol sales (travellers' import and smuggling) were obtained by estimates from the Monitoring project (Ramstedt, 2010) on alcohol drinking habits in the general population in Sweden. The main data source in this project is monthly telephone interviews of adult Swedish residents (18,000 informants per year) including self-reported drinking habits and purchases of alcohol. Data collection within the Monitoring project has been performed since 2001, with a nationally representative sample of the Swedish general population, by CAN. Although there are concerns of not reaching heavy drinkers in this type of interviews, findings of a methodological study, based on the Monitoring data, have attenuated these concerns (Wennberg et al., 2011) . Self-reported data on alcohol consumption have been shown to be valid and reliable (Midanik, 1982; Del Boca and Noll, 2000) .
Self-reported alcohol consumption data
Estimates of alcohol consumption were based upon statistics of the Monitoring project (CAN, http://www.can.se). Annual data on registered and unregistered alcoholic beverage sales as well as alcohol consumption were expressed as litre per capita; separately for men and women, for pure alcohol and for any one of four specific beverage types (spirits, wine, beer and cider).
Statistical analysis
Data are expressed as median and interquartile range (IQR) or number and percentage, as appropriate. Annual age-standardized incidence rates were calculated for men and women, for all-cause AP and for aetiology subgroups, by direct standardization. The total population of the primary catchment area of our institution in the first year of the study (2003) was used as standard. Exact data on the size of the population were obtained from the Swedish Central Bureau of Statistics. Time trends of the annual incidence of AP were assessed by means of the Pearson correlation coefficient. The same test was also used for the assessment of the potential correlation between the annual incidence of AP and alcohol sales/consumption.
Variations of first-time AP (total, alcoholic and non-alcoholic) during seasons (winter (December, January and February), spring (March, April and May), summer (June, July and August), fall (September, October and November)) and during months within each season were analysed with the χ 2 goodness-of-fit test. Two periods with high alcohol consumption in Sweden (https://www. systembolaget.se/om-systembolaget/om-foretaget/forsaljningsstatistik/), the 2 weeks around Christmas and New Year's Eve (last week in December and first in January) and the 2 weeks around the occurrence of summer solstice (midsummer; last week in June and first in July) were studied. Each was compared with two 2-week periods after and prior to it, i.e. the former was compared with the first 2 weeks in December and the last 2 weeks in January while the latter with the first 2 weeks of June and the last 2 weeks in July. These comparisons were also made with the χ 2 goodness-of-fit test. The
proportions of different aetiologies of AP in the periods described above were compared with the χ 2 test. Reported P values are twotailed and the level of significance was set at P < 0.05. All analyses were performed with the SPSS statistical package (version 22; SPSS, Inc., Chicago, IL).
RESULTS
Characteristics of the study population
During the 10-year study period, a total of 1457 patients with firsttime AP were identified, as previously described (Bertilsson and Kalaitzakis, 2015a; Bertilsson et al., 2015b) . Patient characteristics are shown in Table 1 .
Incidence of AP in relation to alcohol sales
The annual age-standardized incidence of first-time AP in the study population has previously been described in detail (Bertilsson and Kalaitzakis, 2015a) . In short, the AP incidence increased significantly during the study period (from 22.8/100,000 in 2003 to 29.5/ 100,000 in 2012), mainly due to a significant increase in biliary AP (P < 0.05 for both men and women; Fig. 1 ). The incidence of alcoholic AP did not change significantly, in either sex (P > 0.05; Fig. 1 ). The annual registered alcohol sales increased from 3.8 l alcohol per capita in 2003 to 4.7 l alcohol per capita in 2012 (P < 0.001); in particular, the sales of wine (P < 0.001), beer (P < 0.001) and cider (P = 0.033) increased, while the sale of spirits did not change significantly (P = 0.625; Fig. 2A ). In contrast, the unregistered alcohol beverage sales, during the same period, showed decreasing trends for all kinds of alcohol beverages (P < 0.01) except for cider (increasing trend, P < 0.001) (Fig. 2B) . Total alcohol sales (registered and unregistered) decreased from 11.21 l/capita in 2003 to 7.96 l/capita in 2012 (P = 0.002), mainly due to decreased sales of spirits (P = 0.001) and beer (P = 0.002) (Fig. 2C) .
In women, the AP incidence (alcoholic and non-alcoholic) did not correlate to alcohol sales (P > 0.05 for all kinds of alcohol beverages and total alcohol sale; Table 2 ). In men, the overall incidence of AP was significantly correlated to the sale of cider (P = 0.045) but not to any other kind of alcohol beverage. There was also a significant positive correlation between the incidence of non-alcoholic AP and the sale of cider (P = 0.008) and a negative correlation to spirits sale (P = 0.036). The incidence of alcoholic AP did not correlate to the sales of alcohol by any beverage or in total (Table 2 ). This was also true for the incidence of idiopathic AP, in women and men (P > 0.05 for all; data not shown). Data are presented as median (IQR) or n (%) as appropriate. 
Incidence of AP in relation to alcohol consumption
Data on self-reported alcohol consumption in the general population were available for ages 20-80 years and, thus, only patients with a first-time AP in the same age span (n = 1180/1457) were included in these analyses. Alcohol consumption decreased from 5.3 to 4.6 l per capita in the study period (P < 0.05; from 3.2 to 2.5 l per capita in women and from 7.4 to 6.6 l per capita in men). Among women, the reported consumption of spirits and beer decreased significantly during the study period (P < 0.05 for both), while total alcohol consumption as well as the consumption of wine remained unchanged (P > 0.05 for both; Fig. 2D ). Overall, alcohol consumption among men decreased during the study period (P = 0.022), mainly due to a fall in the consumption of spirits (P = 0.012). Consumption of beer and wine did not change (P > 0.05 for both; Fig. 2E ). There were no significant relations between (alcoholic, non-alcoholic or total) AP incidence and alcohol consumption among women (Table 2) . However, the incidence of idiopathic AP in women correlated to the consumption of wine (r = 0.71, P = 0.021), but not to the consumption of any other beverage or total alcohol consumption (P > 0.05 for all; data not shown). In men, there were negative correlations between the consumption of alcohol in general and spirits in particular with the incidence of non-alcoholic AP (Table 2) . No relations were found between the consumption of alcohol in men and the incidence of total, alcoholic (Table 2) or non-alcoholic AP (P > 0.05; data not shown).
Severity of AP and alcohol sale and consumption
The proportion of patients with moderately severe or severe AP was, as previously described, higher in the group of alcoholic AP compared to non-alcoholic AP (Bertilsson and Kalaitzakis, 2015a; Bertilsson et al., 2015b) . There were no significant changes in the proportion of mild, moderate and severe cases of AP during the study period (P > 0.05, for women and men either for alcoholic or non-alcoholic AP; data not shown). Furthermore, there were no significant correlations between alcohol sales and the incidence of severe AP in women (r = 0.04 to 0.17, P > 0.05) or in men (r = −0.32 to −0.14, P > 0.05). Similar results were found for selfreported alcohol consumption in women (P = −0.36 to 0.09, P > 0.05) and in men (P = −0.50 to −0.09, P > 0.05).
Seasonal variations in AP admissions
The number of admissions for AP did not vary significantly among different seasons of a calendar year in either women or men (winter, spring, summer and autumn; P > 0.05 for all; Supplementary Fig.) . Similarly, the occurrence of first-time AP did not differ among calendar months within each season, except for the number of admissions among women with non-alcoholic AP being significantly lower in April compared to March and May (P = 0.042), and the number of admissions among men with alcoholic AP being significantly lower in June compared to July and August (P = 0.010; Supplementary  Table) .
The occurrence of AP on holidays with increased consumption of alcohol in Sweden (i.e. Christmas/New Year's Eve and midsummer) was similar to the weeks before and after these holidays in men and women and in alcoholic and non-alcoholic AP (P > 0.05 for all; Table 3 ).
DISCUSSION
In this 10-year population-based cohort study, we found that the overall alcohol consumption decreased, which is in accordance with previous Swedish studies (Raninen et al., 2013) , but the incidence of alcohol-related first-time AP did not change significantly during the same period. Fluctuations in alcohol consumption in the general population and their potential effects on the occurrence of alcoholrelated conditions are challenging to evaluate, and results of previous studies are not unanimous. After an increase in alcohol import in Sweden, the frequency of acute alcohol intoxication increased, although the number of violent assaults and drunk driving did not Table 2 . Correlation between annual age-adjusted incidence rates of AP with annual alcohol sales (registered and unregistered) and consumption in the general population during the study period (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) in women and men
Age-adjusted incidence Women Men
Alcoholic AP r (P) Non-alcoholic AP r (P) Total AP r (P) Alcoholic AP r (P) Non-alcoholic AP r (P) Total AP r (P) r, Pearson coefficient; P, P value. Significant P-values are indicated in bold. Table 3 . Variation in the occurrence of first-time AP during holidays with increased alcohol consumption
Women Men
Alcoholic AP (n) Non-alcoholic AP (n) Total AP (n) Alcoholic AP (n) Non-alcoholic AP (n) Total AP (n) Christmas/New Year's Eve (24 December-7 January), midsummer (22 June-7 July).
change (Gustafsson and Ramstedt, 2011) . In another report including data from 14 countries, changes in alcohol sales during a 5-year period correlated positively to changes in the rate of mortality due to pancreatitis (Ramstedt, 2004) . In this study, however, all pancreatitis-related deaths were analysed and no distinction was made between acute and chronic pancreatitis. An Irish study reported increasing trends of admissions for alcoholic AP parallel to increasing per capita alcohol consumption (O'Farrell et al., 2007) , similar to reports from Wales and Finland (Jaakkola and Nordback, 1993; Roberts et al., 2013) , but not a later Finnish study (Sand et al., 2009) . We found no correlation between the incidence of firsttime alcoholic AP and alcohol consumption per capita but, interestingly, we found a significant correlation between the incidence of idiopathic AP and the consumption of wine among women. Changes in the incidence of idiopathic AP are not well studied. While some reports suggest that a majority of presumed idiopathic AP cases may be caused by biliary microlithiasis (Lee et al., 1992; Elta, 2008) , others have questioned this (Garg et al., 2007) . It cannot be excluded that some cases of presumed idiopathic AP in our cohort might have been caused by alcohol. This would warrant further prospective studies, including more parameters of alcohol consumption on an individual level.
Hospital admissions due to different gastroenterological diseases have been suggested to follow weekly and/or seasonal patterns (Sonnenberg, 2008; Manfredini et al., 2010; Peng et al., 2015) . In Sweden, holidays associated with a higher alcohol consumption in the general population are the weeks around Christmas and New Year's Eve and the midsummer weekend in June (https://www. systembolaget.se/om-systembolaget/om-foretaget/ forsaljningsstatistik/). However, in this study, we found no differences in the occurrence of AP around these holidays compared to the periods before and after the holidays, in contrast to a study from Wales which found an elevated rate of alcoholic AP admissions during Christmas and New Year's Eve (Roberts et al., 2013) and to a study from Finland, where the occurrence of alcoholic AP was higher during months with higher alcohol consumption (Raty et al., 2003) . Our findings are in keeping with those of a German study that found no increased incidence of AP during the Octoberfest, a period of increased alcohol consumption in Munich (Phillip et al., 2011) . This lack of relation between increased alcohol consumption in the general population and the occurrence of (alcoholic) AP may be explained by that a chronic heavy drinking history, rather than an occasional increase in alcohol consumption, may be primarily associated to an increased risk of AP (Niederau et al., 1990) .
Certain methodological issues need to be considered when comparing results of our study with the prospective report on Octoberfest (Phillip et al., 2011) and those from previous register studies (Jaakkola and Nordback, 1993; Raty et al., 2003; O'Farrell et al., 2007; Sand et al., 2009; Roberts et al., 2013) . Although register studies allow for analyses to be performed on large populationbased patient cohorts, they have the disadvantage of relying on pre-collected data unavailable to researchers and thus difficult to ascertain (Thygesen and Ersboll, 2014) . Up to 20% of patients with AP according to discharge diagnosis codes may be misclassified (Razavi et al., 2011; Saligram et al., 2012) . We identified AP patients from ICD-10 codes in our institution's discharge database but made a thorough effort to ascertain the AP diagnosis and aetiology by medical record scrutinization (Bertilsson and Kalaitzakis, 2015a; Bertilsson et al., 2015b) . Previous register studies have included recurrent AP cases as well as patients with chronic pancreatitis, which may have had an impact on their findings, since recurrent as well as chronic pancreatitis is more common in patients with alcohol misuse who have experienced a first-time AP (Lankisch et al., 2009a; Bertilsson et al., 2015b) . To our knowledge, ours is the first study investigating the potential association between the incidence of AP and alcohol consumption in a population-based cohort in which only first-time AP episodes were included and patients with recurrent and chronic pancreatitis were excluded.
It is worth considering the possibility that the lack of associations between changes in alcohol consumption and the incidence of AP in our study may be explained by that heavy drinkers, who are more likely to develop AP, may not be included in the self-estimated consumption data due to drop-out from the original surveys. It is therefore difficult to interpret the patterns of changes in alcohol consumption in this group. However, a previous study, using data on self-reported alcohol consumption obtained in the Monitoring project (i.e. the data source used in the current report), has shown that non-respondence to the survey is unlikely to have an impact on the coverage rate of heavy drinkers (Wennberg et al., 2011) . Although our findings suggest a reduction in alcohol consumption from 5.3 to 4.6 l alcohol per capita, during a 10-year period, may not be enough to yield an impact on the incidence of AP, it is conceivable that this may not hold true for larger changes in alcohol consumption in the general population or on an individual level. Further investigation is clearly warranted to delineate the relation of alcohol sales and consumption in the population and the occurrence of AP, particularly in certain groups, such as patients with alcohol dependence or those with certain drinking patterns.
Strengths of this study include its population-based design. This made it possible to identify all patients with incident AP during the study period and to longitudinally follow them up. Diagnoses and aetiologies of AP were confirmed by medical record scrutinization. However, certain limitations also need to be considered. First, data collection was retrospective. In addition, alcohol consumption data were based on self-reported estimates and there might be a discrepancy between self-reported alcohol consumption and alcohol sale statistics (Ramstedt, 2010 ). Yet, in our series alcohol sales and consumption data showed similar trends, and several methodological studies have confirmed that self-reported data on alcohol consumption are reliable (Midanik, 1982; Del Boca and Noll, 2000; Wennberg et al., 2011) . Also, alcohol consumption data have been consistently collected by the same institution and in the same manner for >15 years. During this period, the trends of changing alcohol consumption have been stable (Raninen et al., 2013) . Last, statistically significant correlations presented in this study may not necessarily represent causal relations.
In conclusion, we found that changes in alcohol consumption in the general population were not related to the incidence of first-time (alcoholic or non-alcoholic) AP. Also, certain periods associated with high alcohol consumption in the country had no significant impact on AP occurrence. Further studies are clearly warranted in order to evaluate the potential impact of consumption trends and drinking behaviours in different parts of the population (e.g. among women and in heavy drinkers) on the incidence of AP. In addition, prospective multi-centre studies could add to our understanding of the factors affecting the occurrence of AP in individuals with various drinking patterns.
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